The aims of our study were: (i) to estimate the yearly incidence rates based on one vs two visits in a working population and (ii) to identify incident hypertension modifiable risk factors. A total of 21 566 normotensive subjects were included in a 1-year cohort study. Blood pressure (BP) levels at inclusion and at the second year screening were measured on the basis of two visits, that is, if BP was over 140/90 mmHg in untreated subjects, they were invited to a control visit 1 month later. Height and weight were measured and behavioural risk factors were collected. Among the 17 465 subjects who completed the entire protocol (9691 men and 7774 women), 17 026 remained normotensive at a 1-year interval and 439 (325 men and 114 women) became hypertensive. Crude yearly incidence rates based on one visit were 6.21% in men and 3.06% in women, compared with 3.04% in men and 1.34% in women when incidence rates were based on two visits, a more than twofold difference. Age and body mass index at baseline were the two major independent determinants of incident hypertension in both genders. Smoking and alcohol consumption were significant risk factors in men but not in women, and a low educational level only in women. BP measurement on separate occasions is necessary to avoid overestimation of incidence. Weight in both genders and alcohol consumption in men were the main modifiable predictors of hypertension.
Introduction
High blood pressure (BP) is an established cardiovascular risk factor. BP levels have been shown to be positively and continuously related to the risk of coronary heart disease, stroke, and mortality. [1] [2] [3] [4] The risk of cardiovascular disease increases by twofold with each increment of 20/10 mmHg for levels as low as 115/75 mmHg. 2 Consequently, a small shift of BP distribution toward lower values is likely to result in a substantial reduction in hypertension prevalence and cardiovascular morbidity at the population level. 2 Despite efforts in hypertension management, BP lowering remains unsatisfactory in many countries and therefore cannot by itself reduce the burden of cardiovascular disease at the population level. [5] [6] [7] [8] [9] [10] [11] Thus, efforts on primary prevention of hypertension have to be focused early in life on healthy lifestyle behaviours to reduce hypertension incidence. Accordingly, the seventh report of the Joint Committee on the Prevention, Detection, Evaluation, and Treatment of High Blood Pressure in the United States (JNC 7) 12 provided a new classification of BP, stating that individuals with a systolic BP from 120 to 139 mmHg or a diastolic BP from 80 to 89 mmHg are classified as prehypertensive and should therefore be considered a target population for health-promoting lifestyle modifications.
According to most international guidelines for the management of hypertension, the diagnosis of hypertension should be based on multiple BP measurements, taken on separate occasions. Despite the consensus, most studies have based estimates of hypertension incidence on one single measurement 13, 14 or two measurements 15 during the same visit. The aims of our study were: (i) to estimate the yearly incidence rates (IRS) estimates of high BP based on one vs two visits and (ii) to identify incident hypertension modifiable risk factors.
Methods

Population data collection
The Incidence de l'Hypertension artérielle dans une Population Active Française (IHPAF) study is designed to study hypertension in a working population. The results of the initial cross-sectional study have been published. 10, 11 Briefly, IHPAF was conducted among 29 634 workers aged 15 to 69 years enrolled by 53 occupational physicians selected on a voluntary basis. Each subject agreeing to participate in the study gave informed consent. Standardised sitting BP was measured with a validated automatic device (OMRON 705CP) 16 after 5, 6, and 7 min of rest, using an appropriate cuff size. The mean of the three measurements was used to define BP. The definition of hypertension at baseline and follow-up was the following. Subjects not under antihypertensive treatment and having BP less than 140/90 mmHg were considered as normotensive. Those who were treated were considered as hypertensive whatever their BP level. Untreated participants with BP greater or equal to 140/90 mmHg were invited to a control visit. Those having BP greater or equal to 140/90 mmHg and/or being under antihypertensive treatment at the control visit were defined as hypertensive and the others as normotensive.
Height and weight were measured at each screening. Body mass index (BMI) was calculated as weight divided by squared height (kg/m 2 ). During the baseline screening, a standardised interview collected data on occupation, educational level, marital status, smoking habits, alcohol consumption, and on sports activities. During the follow-up screening, a standardised interview collected data on behavioural risk factors (smoking, alcohol consumption, and sports activities). A coordinating centre validated the data quality and homogeneity (L L, R dG).
Inclusion in the cohort study
Five occupational physicians did not participate in the second year screening and therefore, the 3185 subjects they enrolled were not included in the cohort study. The cohort population then consisted of 25 754 subjects included by 48 occupational physicians during the annual mandatory work-site visit between January 1997 and May 1998. A total of 20 115 subjects were diagnosed as nonhypertensive after the first baseline screening, and 1376 were under current treatment for hypertension and thus defined as hypertensive. Among the 4263 untreated subjects having BP level greater or equal to 140/ 90 mmHg and invited to a control visit, 3464 (81% of men and 82.2% of women) were actually examined 1 month later (baseline control visit). In participants in the baseline control visit, in both genders the mean systolic and diastolic BPs were lower than in nonparticipants (142.5714. 4 À4 ). In women, age was not significantly different between the two groups. Among the 3464 subjects participating in the baseline control visit, 1451 had BP under 140/ 90 mmHg and were thus diagnosed as nonhypertensives ( Figure 1 ). The follow-up screening was performed during the following annual mandatory work-site visit in the same conditions as the baseline screening.
Statistical analysis
Quantitative variables (systolic and diastolic BP, age, and BMI) were expressed as mean7s.d. Student's t-test was used to compare two groups for quantitative variables. A w 2 test was used to compare groups for qualitative variables. Tests were two sided and P-values smaller than 0.05 were considered significant. A multivariate logistic regression was used to assess the independent effect of risk factors for hypertension. All variables of interest were included in the model. Two-way interaction terms were tested. Data analysis was performed using the SAS statistical software package. 17 IRs were expressed per 100 person-years. They were calculated as the number of incident cases divided by the number of person-years at risk (ie the total number of subjects in the same group hypertensionfree at baseline, multiplied by the length of time in years between the first and the second year screening). The 1-year cumulative IRs were calculated as 1Àexp(ÀIR). 18 
Results
Description of the population
Among the 21 566 subjects included on the basis of one or two visits at baseline, 17 907 (83%) were reexamined between January 1998 and November 1999 ( Figure 1 ). The mean time interval between the two yearly visits was 397.0776.6 days in men 62.7%: departure from the work-site of 2295 subjects; 5%: illness or death during the study period (183 subjects); 22.4%: refusal (818 subjects); 9.9%: unknown reasons (363 subjects).
The 17 907 normotensive participants in the second-year screening were older than the 3659 nonparticipants (38.179.0 vs 35.479.9 years in men, Po10 À4 ; and 38.678.9 vs 35.979.9 years in women, Po10 À4 ). However, there were no differences for systolic and diastolic BPs between participants and nonparticipants in both genders. Figure 1 summarises the follow-up status of participants who were considered normotensive after one or two visits at baseline. Among the 17 907 subjects normotensive at baseline, 16 496 (92.1%) subjects were still normotensive 1 year later, 59 were under current treatment for hypertension, and 1352 had BP greater or equal to 140/90 mmHg. Among these latter subjects, 910 (67.3%) could be re-examined on a control visit 1 month later as stated in the protocol. Compared to the 320 men who did not attend the follow-up control visit, men attending this visit were older (43.077.9 vs 40.279.6 years, Po10 À4 ) and had higher systolic and diastolic BPs (144.579.1/91.177.5 vs 142.87 7.8/88.877.0 mmHg, P ¼ 0.002 and o10 À4 , for systolic and diastolic BP, respectively). In women, there were no significant differences for age and BP levels between participants and the 122 nonparticipants in the control visit. The median time interval between the two visits was 42 days in men and 49 days in women. Among the 910 subjects participating in the control visit, 530 (58.2%) had BP less than 140/ 90 mmHg and were thus defined as normotensive and 380 (41.8%) had BP greater or equal to 140/ 90 mmHg.
Eventually, when hypertension diagnosis was based on one or two visits at baseline and followup, 17 026 subjects were defined as normotensive at follow-up and 439 became hypertensive. Table 1 shows the baseline characteristics of the cohort population. When hypertension was diagnosed on the basis of one visit, 82.8% (9115 men and 7540 women) of the 20 155 subjects normotensive at baseline were re-examined 1 year later. Among them, 15 763 were normotensive at follow-up (8481 men and 7282 women) and 892 (634 men and 258 women) became hypertensive ( Table 2) .
Influence of the number of visits, age, and gender on incidence of hypertension Crude yearly IRs based on one visit were 6.21% in men and 3.06% in women, compared Figure 1 Follow-up blood pressure status on the basis of one or two visits at baseline. Abbreviations: M, men, W. women.
One-year hypertension incidence and predictors S Radi et al with 3.04% in men and 1.34% in women when IRs were based on two visits, a more than twofold difference. In both genders, the younger the patients, the wider the difference between estimates based on one and two visits at each screening (Table 2) . Crude yearly IRs based on the mean of the last two readings and on one single visit at baseline and at 1-year follow-up were 3.89 and 1.78% in men and in women, respectively. Based on the mean of the last two readings and on one visit (or two visits if a control was required) at baseline and at follow-up, crude IRs were 2.69 and 1.22% in men and women, respectively. Using the mean of the three measurements lowered the yearly hypertension IR by 11.5% in men and by 8.9% in women. Table 3 shows the baseline characteristics of incident cases compared with subjects who remained normotensive. The mean age, systolic and diastolic BPs, and mean BMI were significantly higher in both hypertensive men and women than in normotensive subjects. In both genders, educational level was significantly lower in hypertensive subjects compared with normotensive subjects. There were no significant differences for smoking habits, occupational category, and marital status between hypertensive and normotensive subjects in both genders. Incident hypertensive men were significantly more sedentary and had a higher percentage of alcohol consumption than normotensive subjects.
Characteristics of incident hypertensives
In a multiple logistic regression analysis, including age, obesity, alcohol consumption, smoking, sports activity, occupational category, and educational level, age and BMI at baseline were the two major independent determinants of incident hypertension in both genders (Table 4) . Smoking and alcohol consumption were significant risk factors in men but not in women, and a low educational level only in women. No significant interaction was found between the terms included in the model. Poisson exact method (97.5% confidence interval).
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Discussion
In this working population of men and women, yearly hypertension IRs assessed by two visits were 3.04% in men and 1.34% in women. In both genders, IRs increased with age, ranging from 0.73% under 30 years to 5.86% above 50 years in men, and from 0% under age 30 years to 3.37% above age 50 years in women. When hypertension diagnosis was based on two visits at each screening, incidence was more than two times lower than when hypertension diagnosis was based on one visit at each screening. In both genders, age and BMI were independent risk factors for incident hypertension. Smoking and alcohol consumption were significant risk factors in men but not in women, whereas a low educational level was significant in women only. Our study has limitations. A total of 17% of the subjects (3659) could not be examined at the secondyear screening. Among them, only 818 subjects refused to participate in the second-year screening. For two-third of them, nonparticipation was due to a departure from the work site. IRs were calculated after excluding subjects who were lost to follow-up at baseline control visit (799), at follow-up (3659), and follow-up control (442) visits, respectively. These subjects were younger than those for whom complete data were available. Our results showed that younger subjects had a higher percentage of individuals labelled as hypertensive on the basis of one single visit and normotensive after a control visit. This phenomenon could result in an increase in the numerator since most of the 442 subjects who did not participate in the follow-up control visit would have actually been labelled as normotensive, and in a slight decrease in the denominator since subjects who did not attend the baseline control visit and the follow-up visit were also younger. Therefore, an underestimation of the actual incidence rates is likely. According to health status and age, these results cannot be extended without caution to the general population. A healthy worker effect should be kept in mind as relatively healthy individuals are likely to remain employed. This could lead to an underestimation of IRs in this working population as compared to the general population. Also, the mean age of our study population is low. Therefore, our results cannot be extended to the older general population. Men, X3 glasses/day; women, X1 glass/day.
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With respect to the study of hypertension risk factors, some limitations should be discussed. BP measurement is subject to random fluctuations, due to either the process of measurement itself or temporary deviations from usual BP levels. Subjects who were normotensive at their first visit (even at baseline or at 1-year follow-up) were not invited to a control visit. Some of them could have become hypertensive at the control visit. It was shown 1 that the bottom category of baseline BP includes subjects whose usual BP is higher than baseline BP measurement, while the top baseline category includes subjects whose usual BP is lower than baseline BP measurement. The use of uncorrected BP can result in a regression dilution bias, that is, in an underestimation of the strength of the real association of high BP with its risk factors. We could not correct for this bias in our study since we had no estimates of usual BP for each of the subjects. Behavioural risk factors were self-reported. Particularly, alcohol consumption in heavy drinkers is likely to be underestimated. Data on hypertension risk factors were used in regression analysis as categorical rather than as continuous variables. Our purpose was to determine groups at higher risk of hypertension on which primary prevention should become the focus. However, cut-points used to define groups for each variable can be subject to caution.
The major strength of our study is the use of a definition of hypertension including two successive visits and the use of an automatic device. Crude rates assessed by one single visit at each screening were 6.21% in men and 3.06% in women for a threshold of 140/90 mmHg. Estimates of hypertension incidence based on one visit were thus more than twofold overestimated, compared with IRs based on two visits. As shown by studies on hypertension prevalence, the proper assessment of the hypertensive status needs several BP measurements recorded during several visits. [19] [20] [21] The percentage of subjects remaining hypertensive at the second-year control visit increased with age, suggesting a larger overestimation of hypertension incidence based on one visit in younger subjects. These results are in keeping with our previous report on prevalence estimates. 10 A few surveys provided data on hypertension incidence, using various lengths of follow-up and different criteria for defining hypertension. In order to compare our results, we recalculated rates from our data, using the same criteria. Yearly IRs in subjects aged 45-64 years provided by the report of the ARIC-Pol MONICA study 22 combined data from US and Polish populations. The rates were lower in urban white American men (3.5%), but higher in urban Polish women (5.8%) than those found in our younger population (6.2 and 3.1%, respectively). The Framingham study 23 provided 2-year hypertension incidence at age 30-39 years by sex by following a cohort of 5000 subjects. Whereas rates in men were similar in the two studies (3.3% in the Framingham study and in our study when hypertension diagnosis was based on one single visit at each screening at the same age), 2-year rates in women in our study (2.2%) were higher than 2-year rates reported in the Framingham study (1.5%). IRs were also reported for longer lengths of follow-up. For example, in the San Luis Valley study, 24 the 4-year hypertension IR was 8.7% in pooled white American men and women aged 20-60 years, compared with 22% in men and 11.5% in women in our study. In France, only one previous study on hypertension incidence was conducted. The 5-year rates in 11 000 workers aged 20 years and over were 13.6 and 8.3% in men and in women, respectively.
14 The 5-year estimated IRs in our cohort were close to these results (15.4% in men and 9.3% in women).
Age and male sex were significantly related to incident hypertension. In most of the previous reports as observed in our study, the incidence of hypertension increased with age 13, 15, 22 and was higher in men compared with women until the age of 60 years.
14,25 However, in two major studies, male sex was not a significant risk of incident hypertension. 15, 26 A low educational level was found to be a risk factor only in women in our study. A previous study 13 showed that both younger white men and white women with lower educational level were likely to become hypertensive. Another report 27 Men, X3 glasses/day; women, X1 glass/day.
One-year hypertension incidence and predictors S Radi et al showed this association in women only. Subjects with lower socioeconomic status have deleterious behaviours such as sedentary lifestyle 28 that are associated with hypertension. Our results confirm body weight at baseline as a major determinant of incident hypertension in both genders. Although the mean BMI was lower in our study compared to the population of the Framingham Heart Study, 15 obesity was a major risk factor in both studies. Other cohort studies linked obesity to the development of hypertension. [29] [30] [31] A relationship between alcohol consumption and incident hypertension was found in prospective studies. 29, 30, 32 Even in a young and healthy population, hypertension incidence is high and may be higher in the general population. Our study, in keeping with others, showed two major factors linked to hypertension incidence and amenable to intervention, weight, and alcohol consumption. These results therefore reinforce the need for a primary prevention of hypertension focused on those risk factors at the population level 33 in order to reduce the burden of cardiovascular disease.
